The corona-discharge parameters such as inception voltage, discharging current and electric field on an electrode are investigated for a coaxial electrode system under controlled air conditions. The measurements are conducted under different humidity levels (dry, normal and humid air), different air densities (between 0.4 and 1.0 atmosphere) and different corona wire diameters. A precision electric-field probe is inserted in such a controlled environment. The measured corona inception voltage and field values are compared with the empirical or the theoretical criteria. In addition to current-voltage (I-V) characteristics, electrical field measurements at the outer cylinder and the ion mobility in inter-electrode space are analysed under various conditions. It is confirmed through the experimental results that the ion mobility decreases both with increasing humidity and with decreasing the ratio of electric-field to pressure, E/p.
Introduction
Atmospheric parameters are important factors affecting corona discharge phenomena.
Transmission lines are subject to different and uncontrollable atmospheric conditions which change on an hourly, daily, or seasonal basis. One of such parameters is air density. Analysis of its effect on current density and field values is especially important for countries which have high altitude regions and consequently low atmospheric pressure.
Another important atmospheric parameter affecting corona is humidity. The main effect of the humidity on the corona discharge is change in the mean value of ion mobility since in humid air negative ions mainly attach to water molecules and form clusters; in a smaller proportion, positive hydrated ions are also formed. Consequently, the corona inception voltage and also the total corona current will be affected.
Coaxial geometry is of theoretical interest as it permits derivation of analytical solutions without the need to resort to crucial approximations.
It is a geometry of sufficient symmetry and to be described by onedimensional formulation in cylindrical coordinates (1) . Furthermore, the Laplacian field distribution is easily calculated in such geometry. On account for its relative simplicity, it has historically served to provide insight into the question of corona and space charge.
In literature, the effect of relative air density on corona was investigated by Peek (2), Loeb (3) and following Badaloni and Galimberti (4) and Sigmond (5) . The works on humidity affect on corona by Abdel Salam (6) and Hartmann et al. (7) have been particularly valuable for researchers.
However, their work were mainly on the corona inception and total corona current. In the present work not only the corona inception and corona current characteristics but also the electric field and the average ion mobility values are investigated for the (4) where I is the current per unit length from the wire. This formula is applicable only to the continuous current regime. Equation (4) shows that in coaxial systems, the electric field at the collector is expected to increase linearly with the square root of the corona current.
Experimental arrangement
In this study a linear electric field probe (8) has been used to measure the current density and field values at the outer cylinder. The experimental system is shown in Fig. 1 (a) and (b) where A is a current collector, B is a bias plate (for electric field measurement), C is a outer cylinder and C' is a guard electrode. The outer cylinder is stainless-steel with 100mm diameter and 100mm length; the guard electrodes have the same diameter but are of 50mm length. In this paper three different (0.28 mm, 0.56mm and 0.91mm) inner wire diameters are used.
The electrode system was placed in a controlled environment. The environment is realised by using a glass chamber in which the air pressure can be varied from vacuum conditions to normal atmospheric pressure. Since wire centralisation is necessary in the coaxial system, a remote control system of rotation has been used. A stepping motor was incorporated into the system, and was controlled by a micro-computer. The stepping motor was precisely calibrated to provide between 0 and 180 degrees rotational angle.
Pressures of 760, 608, 456 and 304 Torr and three different humidity levels, which are dry air of 5% R. H., normal humid level air of 40% R. H. and high humid air of 70% R. H., were chosen. The dry air was obtained from a compressed dry air cylinder, normal air from ambient laboratory air and humid air by ambient air circulated through a water-filled tube. During all experiments, high voltage with positive polarity is applied to the corona wire. (9) where r1 and r2 are the internal and external electrode radii respectively.
It is apparent that the current is a function of the mobility of ions u and is proportional to V2 (Townsend's law).
The square law characteristics for different humidity levels and for different pressures are shown in Fig. 4 by conductance (I/V) -voltage (V) curves for a wire diameter of 0.56mm. The experiments with wire diameters 0.28mm and 0.91mm showed that the current increased by decreasing wire diameter. In addition there is a reduction of corona current with increasing humidity (between 15 and 30%), this effect increasing with decreasing pressure. For a given humidity, corona current increased with decreasing pressure. The extrapolation of the curves (i. e. IA+B+C/V=O) gives a good agreement with measured inception voltage.
Electric field
The electric field measured at the surface of the outer electrode is shown in Fig. 5 as a function of the square-root of the corona current. The formula (4) implies that the field is proportional to the square-root of the current. The present results show that the equation (4) is valid.
In contrast to the corona current, the electric field E at the outer cylinder for a given voltage V was found to be almost independent of humidity (14) for all pressures as seen in Fig. 6 . However, the field is increased by decreasing pressure this increase in field is entirely may result exclusively from the lower ion mobility in the drift region because of clustering mechanism in accordance with mass spectrometry studies. However, the reduced mobilities are increased by increasing E/p. This may imply that the ion species were different for different pressures in the discharge mechanism or that the effect of clustering also changes with the pressure.
Conclusions
In coaxial-cylinder electrodes, the corona inception voltage, the corona discharge current and the electric field at the outer electrode surface were measured in air under various conditions of 0.4 up to 1.0 atmosphere in pressure and of 5 up to 70% in relative humidity. The ion mobility was also derived from the experimental results. The main results obtained in this study are as follows:
(1) Corona inception voltages calculated by using Peek's and Water's formulae gave good agreement with the measured inception voltages.
(2) A minor influence of humidity on the corona inception voltage, which increased with increasing humidity, were observed.
(3) The corona discharge current increases with the square of the voltage according to Townsend's law. On the other hand, the field shows the linear variation against the voltage.
(4) While corona current was reduced by increasing humidity, the electric field was not affected.
(5) A strong effect of pressure on the ion mobility causes both the corona current and field to increase with decreasing presssure at a given voltage.
(6) The obtained ion mobility values are found to be consistent with those expected through the kinetic theory that the ion mobility is inversely proportional to the air density.
